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Summary. Developmental heterophylly, or the production of different forms of leaf in the 
course of a plant’s development, is reported for Syzygium tetragonocladum Merr. & Perry 
(synonym: S. refangense Merr. & Perry), a tree restricted to riverbanks in north and west 
Borneo. In this species, the leaves of juvenile plants are very narrow in comparison to 
those of adult trees, and possibly reflect a rheophytic adaptation to river currents. 


Developmental heterophylly is not uncommon among tropical plants, and in fact in many 
tropical plant species juvenile leaves tend to be larger than or otherwise markedly different 
from the leaves of mature-phase individuals (Lee & Richards 1991). Well known examples 
of Bornean plants showing marked developmental heterophylly include trees such as 
Scaphium macropodum (Miq.) Beum. ex Heyne (Sterculiaceae) and Artocarpus spp. 
(Moraceae), and many aroids which produce only tiny leaves along flagelliform (whip-like) 
stems which creep along the ground and that contrast with the larger normal leaves 
produced on climbing, more mature portions of the stem. 


Among trees, the functional significance of juvenile leaves being differently shaped in 
comparison to mature-phase leaves is open to speculation, but perhaps a form-function 
relationship is obvious in the case of rheophytes, those plants which are naturally 
restricted to the beds, banks, and flood-zone of swift-flowing streams and rivers (van 
Steenis 1981), One such rheophyte with a marked developmental heterophylly is the tree 
Dipterocarpus oblongifolius BI. ("neram" in Peninsular Malaysia or “ensurai" in the Iban 
language in west Borneo). This species is so characteristic of the rocky, swift-flowing 
broader segments of some rivers that Corner (1940, 1978) has called such stretches in 
the Malay Peninsula neram-rivers. van Steenis (1981) and Ashton (1982) have also 
described the linear-lanceolate leaves in juvenile plants of this species, which are much 
narrower than the adult leaves (a character that persists even when it is planted far from 
river banks). van Steenis (1981) discussed the rheomorphic nature of the juvenile leaves 
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of D. oblongifolius, which offer little resistance to water flow and thus survive flooding 
better. This contrasts with the majority of rheophytes documented that have generally 
narrow, willow-like leaves in both juvenile and mature stages. Species that experience the 
full rheophytic environment only as juveniles, including those with obvious morphological 
adaptations to rheophytism only in the juvenile phases, have been referred to as 
“paedorheophytes" (van Steenis 1981). 


Here we report another example of such developmental heterophylly in the rheophytic 


tree, Syzygium tetragonocladum Merr. & Perr. (synonym: S. rejangense Merr. & Perry), 
a species not mentioned in the monograph on rheophytes by van Steenis (1981). 


Distribution and habit 


Syzygium tetragonocladum is a riverbank tree of many rivers in lowland north and west 
Borneo. It occurs in Sabah (where it has been recorded along rivers in the Kota Belud, 
Penampang and Papar areas in the west coast, in the Ranau area, and in the Sipitang, 
Keningau and Imbak - Maliau Basin areas of the Interior), Sarawak (along the Lawas and 
Rejang Rivers and their tributaries), and Brunei (along the Temburong River). | have 
observed trees of this species along the Temburong River in Brunei and the Kaiduan River 
(Papar District), and Imbak River (Tongod District) in Sabah. 





Fig. 1. A branch of Syzygium tetragonocladum with mature-phase leaves displayed near 
to those of juvenile plants. 
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S. tetragonocladum trees are low-branching, reaching 13 m tall but often less, and 
produce branches that usually overhang the river bank. The twigs are characteristically 
4-angled and narrowly 4-winged, although in juveniles the angling and wings are usually 
much less conspicuous. The leaves of seedlings and saplings, and also often those in the 
lowermost branches of mature trees, whether in shade or in full sunlight, are linear- 
lanceolate, reaching 10-20 cm long and only 1.5-2 cm broad; their bases are acute to 
slightly rounded and not obviously cordate. In contrast, the upper leaves of mature 
individuals are narrowly ovate to lanceolate, typically 15-35 cm long and 4.5-8 cm broad, 
and their bases are markedly cordate to auriculate (Figs. 1 & 2). 


S. tetragonocladum grows on rocky as well as sandy clay banks of rivers and are not 
found away from river banks. On some clay banks smaller trees of this species are much 
branched basally, and extensive root systems running along the banks have been 
observed. Along the Temburong River in Brunei and the Imbak River in Sabah’s Tongod 
District, young leafy shoots were observed to have developed along buried portions of 
recumbent basal branches 1-1.5 cm thick which sprouted new fine roots. In this manner 
a thicket of this species consisting of a single genetic individual could develop. 


Along the Temburong River in Brunei, and the Kaiduan River in west Sabah, S. 
tetragonocladum was observed growing together with Dipterocarpus oblongifolius, the 
other rheophytic tree that also shows heterophylly and juvenile adaptation to rheophytism. 





Fig. 2. Close up of broad mature-phase leaves and linear-lanceolate juvenile leaves of 
Syzygium tetragonocladum. 
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Discussion 


Other rheophytic species of Syzygium that are known and documented include the 
Bornean S. neriifolium Becc. and S. medium (Korth.) Merr. & Perry (van Steenis 1981). 
The adaptation to rheophytism presumably must involve more than just an ability to 
survive flooding by having narrow willow-like leaves, whether in the juvenile or adult 
stages (van Steenis 1981; Wong, Saw & Kochummen 1987; Dransfield 1992). Perhaps 
even more intriguing is the ecophysiological plasticity that, while permitting them to tolerate 
conditions of high moisture and periodic inundation, as well as much exposure and light, 
does not ensure their dispersal and establishment farther from river banks. Although the 
fruits of Syzygium spp. may well be dispersed by water, their fleshy or pulpy nature and 
frequently substantial size, and overall palatability to mammals (foresters and field 
botanists can testify to this) make it unlikely that restriction to a riverine habitat is simply 
a function of fruit dispersal. 


In both Dipterocarpus oblongifolius and Syzygium tetragonocladum, the seedlings 
establish below the flood-line on river banks. Thus, although the adult-phase leaves are 
borne on branches normally beyond the reach of flood waters, the seedling and sapling 
leaves will frequently be subject to being swept by swift water currrents. The constancy 
of such leaf form in juvenile individuals establishing in both shade and full sunlight speaks 
against light intensity or quality exerting any simple physiological control of this difference 
in leaf form between young and mature plants. It remains that selection for a narrow- 
leafed condition in juvenile plants of rheophytic trees is related to the selection for those 
individuals with juveniles able to escape excessive physical damage to their leaves by 
water currents and, concurrently, maintain enough photosynthetic gain for growth. This 
appears to contrast with heterophyllous development in some forest species (such as 
aroids) where the developmental progression from juvenile to adult leaf form seems 
correlated with the plant growing out of a low-light environment into a situation with higher 
light intensity and a different spectral quality (Lee & Richards 1991). 
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